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(54) Abstract Title 

Threat detection radar 



(57) The apparatus is a multi-static radar which comprises a transmitter and a plurality of receivers which are 
mounted on a surface of an aircraft or tank in order to detect the proximity of an incoming threat, eg a missile, 
detect its position and velocity and generate an appropriate signal for a weapons command system for 
launching a munition to destroy the threat. When used on an aircraft, the environment is considered as 
uncluttered and therefore the signal generated consists of a combination of a chirp signal and a pure tone 
signal (figure 2), whereas in the cluttered environment i-b. on the ground where trees and other obstructions 
could interfere, the transmitted signal solely consists of the pure tone signal (figure 3). The apparatus always 
includes a chirp generator and a pure tone generator. In the uncluttered case, received signals are processed 
and are passed to a time of flight measuring circuit and a Doppler shift measuring circuit which homodyne 
them with an output from the chirp generator and the pure tone generator circuit respectively. The resultant 
signals are passed to a signal processor which determines the position and velocity of the threat. In the 
cluttered environment, each receiver includes a high pass filter which passes only signals from the pure tone 
reflected signal that are Doppler shifted above a threshold. This removes all non-threat signals since they are 
unlikely to be moving fast enough to create a Doppler shift beyond the threshold. 




At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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THREAT DETECTION APPARATUS 

The present invention relates to tihreat detection apparatus, and 
more specifically it relates to detecting the presence of a missile in close 
proximity to its target, which may be for example, a tank or an aeroplane. 

Li a battlefield situation, it is advantageous to be able to identify 
when a missile is a threat to a particular piece of military hardware, such 
as a tank or aeroplane. Li this way, once a missile is detected as a threat 
the tank or aeroplane can take defrasive action by firing a munition at 
the missile in order to destroy it before the missile reaches its target. In 
this way, effective use of munitions is achieved because the defensive 
action is only taken when the detected missile is deemed to be a threat 
when in very close proximity to the missile target. 

An aim of the present invention is to provide apparatus for 
detecting the above mentioned threat 

According to the present invention, there is provided threat 
detection apparatus comprising a transmitter and a plurality of receivers 
and a signal processing circuit, said receivers being distributed about an 
area to define the area to be protected from the tihreat, characterised in 
that said signal processing circuit includes the transmitter which is 
arranged to transmit a radio frequency signal in the direction of the 
threat, and the plurality of receivers are arranged for receiving a reflected 
radio signals from the threat, said signal processing circuit fiirther 
including means for measuring the time taken for the radio signal to 
reach the threat and the time taken for the reflected signal to be received 
by each of the plurality of receivers, means for measuring the Doppler 
shift detected in the radio frequency signal, and processing means 
arranged to receive the signals generated by the time measuring circuit 
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and Doppler shift measuring circuit to provide position and velocity data 
of the detected threat. 

The signal processing circuit may include a chiip generator circuit 
and a pure tone generator circuit, and the transmitter is arranged to 
generate radio frequency signal which is a combination of the chirp 
signal and the pure tone signal. 

The signal processing circuit may include a chirp generator circuit 
and a pure tone generator circuit and the transmitter is arranged to 
generate a radio frequency signal which consists solely of the pure tone 
signal, and each receiver further includes a high pass fiher. 

Each receiver has an output connected to a respective time of 
flight measuring circuit and a Doppler shift measuring circuit, said time 
of flight measuring circuit further receives an output from the chirp 
generator, and said Doppler shift measuring circuit further receives a 
sampled output from the pure tone generator, and respectively produce a 
time of flight signal and a Doppler shifted signal which is passed to the 
signal processing circuit which is arranged to receive signals from all the 
receivers and combine those signals to generate data indicative of the 
position and velocity of the threat 

The output of the signal processing circuit may be used to control 
a weapon system for laimching a munition to destroy the threat 

The transmitter and receivers may be deployed about an outer 
surface of an aeroplane or tank- 
Embodiments of the present invention will now be described with 
reference to the accompanying drawings, wherein. 
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FIGURE I shows a concq)tiial diagram of a piece of military 
hardware having a transmitter momited thereon and a plurality of 
receivers, 

FIGURE 2 shows a block diagram of a signal processing circuit 
for use by the military hardware in an uncluttered environment, and, 

FIGURE 3 shows a block diagram of a signal processing circuit 
used by the mihtary hardware in a cluttered environment. 

Referring to Figure 1, there is shown a tank 2, having mounted 
thereon a transmitter 4, and a plurality of receivers 6. The receivers may 
be placed anywhere on the tank but conveniently they may be placed as 
shown in close proximity to flie four comers of the tank and one at the 
centre of the tank. Figure 1 also shows a threat in the form of a missile 8, 
approaching the tank and in close proximity thereto. The detection 
apparams comprises the transmitter and the receivers, together with the 
signal processing circuit which will be described in detail with reference 
to Figures 2 and 3. 

The transmitter 4 transmits a signal which radiates in all direction 
away from the tank and is shown travelling a distance A towards the 
target. The signal is reflected back to the target to one or more of the 
receivers and in so doing travels a distance B. The total distance 
travelled by the signal is A + B. 

Referring to Figure 2, there is shown a block diagram of a signal 
processing circuit which is used in an uncluttered environment. An 
uncluttered environment would be for example, the sky, and therefore, 
this circuit is eminently suitable for defending an aircraft. 

The signal processing circuit comprises the transmitter 4, and the 
plurality of receivers 6 of which one is shown. The target is shown 



designated 8, and the radio signals 10, are transmitted from the 
transmitter to the target and the signals 10a are reflected back to the 
plurality of receivers 6. The circuit also comprises a chirp generator 12 
which is connected to the transmitter and to a time of flight measuring 
circuit 14. A pure tone generator 16 is also connected to the transmitter 
and is connected to a Doppler shift measuring circuit 18. The time of 
flight measuring circuit 14 and the Doppler shift measuring circuit 18 
also receives the output signal from the receivers via lines 20. An output 
from the time of flight measuring circuit 14, and an output from the 
Doppler shift measuring circuit 18 is connected to a digital signal 
processor 22, which is suitably programmed to combined the position 
and velocity data and generate an appropriate output signal on line 24 to 
command and control a weapon system for firing a munition to destroy 
the incoming target 8. 

The transmitter 4 is arranged to mix the chirp signal generated by 
the chirp generator 12 and the pure tone signal generated by the pure 
tone generator 16, and transmit the mixed signal to the target 8. The 
chirp signal is used for time measuremrat, and the pure tone signal is 
used for Doppler shift measurement. 

The time of flight measuring circuit 14, mixes the received chirp 
signal from the target 8 with a sampled chirp signal from the transmitter 
circuit 4. The resulting signal is the difference between the 
instantaneous firequencies in each component and is a measure of the 
time delay between the transmission and reception, and will be 
recognised as a standard frequency modulator continuous wave (FMCW) 
radar technique. 
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Each receiver 6 is connected to its own time of flight measuring 
circuit 14 and Doppler shift measuring circuit 18, which together 
produce a value for the total distance travelled by the radio signals which 
includes the distance from the transmitter to the target (distance A) plus 
the distance from the target to the receiver in question (distance B). 
There is no unique solution of the relative values of A or B, just a locus 
with total distance A + B, which is in fact, an elliptical surface of 
revolution. 

With several receivers in use, each producing a possible measure 
of the target positions described by a surface, by combining several 
receivers solutions a unique position of die target 8 may be determined 
from the single point which is the intersection of all the elliptical 
surfaces. Implementation of this may be achieved by matrix methods 
working on the digitised vales of time delay. This is similar to the 
technique known as multilateration. 

The pure tone part of the signal received is used by a mixing it 
with a pure tone part of the transmitted signal. The difference in 
frequency is a measure of the velocity components relative to the 
transmitter and the receiver. By combining several Doppler velocity 
measurements form the various receivers, it is possible to define the 
velocity vector of the target in the space relative to the frame of reference 
of the centre. The implementation is a digitised method where a matrix- 
method is used to combine the Doppler velocity measurements of several 
receivers. The algorithm for this requires the position of the target, 
obtained as described previously. 

Referring to Figure 3, there is shown a signal processing circuit 
which may be used in a cluttered enviroranenL A cluttered environment 



-6- 



would be a ground environment whereby interference may be genwated 
by surroimding stmctures, such as buildings or trees, and this circuit is 
eminently suitable for defending a tank in such environments. 

It will be seen that the circuit is very similar to that of Figure 2 and 
like components have been given the same numerical designation. 

The only difference between the two circuits is that the ou^ut of 
the chirp generator 12 is not connected to the transmitter 4 and therefore 
the output of the transmitter 4 consists of solely pure tone signals, which 
are generated by the pure tone generator 16. This has been done since 
other non-threat targets will produce ambiguity and clutter into the 
solution. This makes each of the elliptical volumes of revolution 
transform into hollow spheroids of indeterminate thickness and so 
prevents localisation of the threat 

To operate in flie cluttered environment, the Doppler shifted retum 
from the threat 8 is used to discriminate from the background. To 
achieve this a filter circuit is included in the receiver amplifier circuit 6. 
The filter circuit is activated such that it only allows a signal from the 
pure tone reflected signal that is Doppler shifted above a threshold limit. 
Therefore, all non-threat signals are removed from this filtered signal 
since they are unlikely to be moving fast enough to create the Doppler 
shifted signal beyond the threshold- 
Position fixing the target 8 is achieved by using die retum signal : 
and using it to trigger a threshold circuit that cuts off the flow of the 
internal chirp signal to the digital signal processor 22. The chirp signal 
is mixed with the pure tone signal to obtain an IF signal suitable for 
digitisation. When the chirp signal is cut off, the IF signal ends. The 
processor 22 calculates the frequency spread of the IF signal resulting 
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from the mixing of the pure tone and the chirp and cut off 
point/frequency represents the time taken for the transmitted signal to go 
from the transmitter 4 to the target 8, plus the time taken for it go from 
the target 8 to the receiver 6 (A + B). Therefore a set of such distance 
measurement are provided by the plurality of receivers 6. The 
multilateration algorithm is then used to determine the position of the 
target, and the Doppler shifted signals can be used to determine the 
velocity of the threat 

The output signal on Ime 24 generated by the signal processing 
circuit 22 is used to control a we^n system to destroy the threat. 
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CLAIMS 

1 . Threat detection apparatus comprising a transmitter and a plurality 
of receivers and a signal processing circuit, said receivers being 
distributed about an area to define the area to be protected from the 
threat, characterised in that said signal processing circuit includes the 
transmitter which is arranged to transmit a radio frequency signal in the 
direction of the threat, and the plurality of receivers are arranged for 
receiving a reflected radio signals from the threat, said signal processing 
circuit further including means for measuring the time taken for the radio 
signal to reach the threat and the time taken for the reflected signal to be 
received by each of the plurality of receivers, means for measuring the 
Doppler shift detected in the radio frequency signal, and processing 
means arranged to receive the signals generated by the time measuring 
circuit and Doppler shift measuring circuit to provide position and 
velocity data of the detected threat. 

2. Threat detection apparatus as claimed in Claim 1, wherein the 
signal processing circuit includes a chirp generator circuit and a pure 
tone generator circuit, and the transmitter is arranged to generate radio 
frequency signal which is a combination of the chirp signal and the pure 
tone signal. 

3. Threat detection apparatus as claimed in Claim 1, wherein the 
signal processing circuit includes a chirp generator circuit and a pure 
tone generator circuit and the transmitter is arranged to generate a radio 
frequency signal which consists solely of the pure tone signal. 
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4. Threat detection apparatus as claimed in Claim 3, wherein each 
receiver further includes a high pass iSlter. 

5. Threat detection apparatus, as claimed in any preceding Claim, 
wherein each receiver has an output connected to a respective time of 
flight measuring circuit and a Doppler shift measuring circuit, said time 
of flight measuring circuit further receives an output from the chirp 
generator, and said Doppler shift measuring circuit further receives a 
sampled output from the pure tone graerator, and respectively produce a 
time of flight signal and a Doppler shifted signal which is passed to the 
signal processing circuit which is arranged to receive signals from all the 
receivers and combine those signals to generate data indicative of the 
position and velocity of the threat 

6. Threat detection apparatus as claimed in any preceding Claim, 
wherein the output of the signal processing circuit is used to control a 
weapon system for launching a munition to destroy the detected threat. 

7. Threat detection apparatus as claimed in any preceding Claim, 
wherein transmitter and receivers are deployed about a surface of an 
aircraft. 

8. Threat detection apparatus as claimed in any preceding Claims 1 to 
6, wherein the transmitter and receivers are deployed about a surface of 
a tank. 
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9. Threat detection apparatus substantially as hereinbefore described 
with reference to the accompanying drawings. 
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